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a compound of the formula (I) 
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wherein : 
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system nomenclature: * « * accordance ^7^^ accepted sem . 




Accordingly the present invention provides a MmM „ « 

proviaes a compound of the formula (I) 




(I) 



wherein: 



2 18 carboxy. sufonic acid tetrazol s wi r> 

* 'd a • ^ ° r th ' enyl rin * C'-a'^sufonylcarbamoyl (-CONHSO^^aJky,)- 
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for Cj^alkoxy: 

for c i_ 4 alkylcarbajnoyl: 

for di-Cj^alkylcarbamoyl: 
for Ci.^alkylaoino: 
for di-C l4 alkylamino: 

for c i_ 4 alkylS(0) n - : 
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fluoro, chloro, bromo and iodo; 

methyl, ethyl, propyl, 1-methylethyl, 
butyl and 2-methylpropylj 

methoxy, ethoxy, propoxy, 1-methylethoxy, 
butoxy and 2-oethylpropoxy; 

methylcarbamoyl, ethylcarbanoyl and 
propylcarbamoyl ; 

diaethylcarbamoyl and diethylcarbamoyl, 

»ethyla*ino, ethyla»ino and propylene; 

dlBethylamino, diethylanino and 
nethylethylaoino ; 

methylthlo, methylsulfinyl and 
methylsulfonyl; 



for C^alkanoyWno: acetanido ^ proplonamldo; 



for c 1 . 4 alkanoyl(N- 
c 1.4 al kyl) amino: 



40 



45 



N-methylacetaoido and N-ethylacetamidoj 



for N-Cj^alkanesulfonamldo: N-»ethanesulfona»ldo and 

N-ethanesulf onamido . 



bond is represented as a wedge, this IndteatoTthaMr ■ hi J? P * 88 n,ustrated in ^mula (I). When a 
out of the paper and when a bond is mSSL £ £2? SZTV*" b0n- W ° U ' d fo ™* 
would be going back into the paper The , oo^Zn S H 5^* f ' nd,Cat8S that in three dimensions the bond 
» activity, nameiy: within the gn^Ri?^^ 

2' and 4' positions in the pyridine ^""^ ° r H^thy.); at the 6-position; and at tnt 
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A suitable class of compounds of the 
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present invention is that of the formula 
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R 2 is hydrogen or methyl; 

A is thienyi or phenyl; Z is as hereinbefore defined; 

and A is optionally further substituted by one substituent selected from methyl, ethyl, hydroxy, carboxy, cyano, 
chloro, bromo, nitro, methoxy and ethoxy. 

A preferred class of compounds of the present invention is that of the formula (IV) wherein: 
R2 is hydrogen; 
A is thienyi or phenyl; 
Z is carboxy; 

and A is optionally further substituted by one substituent selected from methyl, hydroxy, chloro and carboxy. 
Another preferred class of compounds of the present invention is that of the formula (IV) wherein: 

R 2 is hydrogen; 

A is thienyi; 
Z is carboxy; 

and A is not further substituted or substituted. 

Another preferred class of compounds of the present invention is that of the formula (IV) wherein: 
R 2 is hydrogen; 
A is phenyl; 
Z is carboxy; 

and A is not further substituted or substituted. 

Particular compounds of the present invention are, for example, the following compounds of the formula 

(IV): 

(5R,6S,8R,2 , S,4 , S)-2-(2-(2-carboxy-4-thienylcarbamoyl)pyrrolidin^yIthio)-6-(1-hydroxyeth 

3-carboxylic acid; 

(5R,6S,8R # ZS,4 , S)-2-(2-(3-cart>ox 

acid; 

(5R f 6S,8R i 2 , S,4 , S)-2-(2-(2-carboxy-5^thienylcaii)amoyl)pyrrolidin-4-ylthio)-6-(1-hydrox 
3-carboxylic acid; 

and pharmaceutical ly acceptable salts and in vivo hydrolysable esters thereof. 

Suitable pharmaceutical^ acceptable salts include acid addition salts such as hydrochloride, hydro bro- 
mide, citrate, maleate and salts formed with phosphoric and sulfuric acid. In another aspect suitable salts are 
base salts such as an alkali metal salt for example sodium or potassium, an alkaline earth metal saltfor example 
calcium or magnesium, an organic amine salt for example triethylamine, morpholine, N-methylpiperidine, N- 
ethylpiperidine, procaine, dibenzylamine, N,N-dibenzyIethylamine or aminoacids, for example, lysine. 

For the avoidance of doubt there may be one, two or three salt-forming cations dependent on the numb r 
of carboxy lie acid functions and valency of said cations. 

Preferred pharmaceutically acceptable salts are sodium and potassium salts. However, to facilitate isola- 
tion of the salt during preparation, salts which are less soluble in the chosen solvent may be preferred, whether 
pharmaceutically acceptable or not 

In vivo hydrolysable esters are those pharmaceutically acceptable esters that hydrolyse in the human body 
to produce the parent hydroxy or carboxy compound. Such esters can be identified by administering, eg. in- 
travenously to a test animal, the compound under test and subsequently examining the test animal's body flu- 
ids. Suitable in vivo hydrolysable esters for hydroxy include acetoxy, propionyfoxy, pivaloyloxy, C^alkoxycar- 
bonyloxy for example ethoxycarbonyloxy, phenylacetoxy and phthalidyi. Suitable in vivo hydrolysable esters 
for carboxy include C^alkoxymethyt esters for example methoxymethyl; C^alkanoyloxymethyl esters for ex- 
ample pivaloyloxymethyl; C^a cydoaIkoxycarbonytoxyC 1 _ 6 alkyl, for example 1-cyclohexyloxycarbonyloxye- 
thyl; 1,3-dioxolen-2-onyi methyl esters for example &-methyt-1,3-dioxolen-2-onylmethyl; phthalidyi esters and 
C^alkoxycarbonyloxyethyl esters for example 1-ethoxycarbonyloxyethyl and may be formed at any carboxy 
group in the compounds of this invention. 

In order to use a compound of the formula (I) or a pharmaceutically acceptable salt or in vivo hydrolysable 
ester thereof for the therapeutic treatment of mammals including humans, in particular in treating infection, it 
is normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition. 

Therefore in another aspect the present invention provides a pharmaceutical composition which comprises 
a compound of the formula (I) or a pharmaceutically acceptabl salt or in vivo hydrolysable ster thereof and 
a pharmaceutically acceptable carrier. 

Th pharmaceutical compositions of this invention may be administered in standard manner for the dis- 
ease condition that it is desired to treat, for xample by oral, rectal or parenteral administration. For thes pur- 
poses the compounds of this invention may be formulated by means known in the art int the form of, for x- 
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ample, tablets, capsules, aqueous or ily solutions or suspensions, emulsions, dispersible powd rs, supposi- 
tories and sterile injectable aqueous r oily solutions or suspensions. 

The compounds of th present invention may be formulated as dry powder f Died vials, which may contain 
the compound of the present invention alone or as a dry blended mixture. For example an acidic compound 

5 of the present invention may be dry blended with an alkali metal carbonate or bicarbonate. Freeze dried for- 
mulations of compounds of the present invention, alone or as a mixture with standard excipients, are possible. 
Standard excipients include structure formers, cryoprotectants and pH modifiers, such as, mannitol, sorbitol, 
lactose, glucose, sodium chloride, dextran, sucrose, maltose, gelatin, bovine serum albumin (BSA), glycine, 
mannose, ribose, polyvinylpyrrofidine (PVP), cellulose derivatives, glutamine, inositol, potassium glutamat , 

10 erythritol, serine and other amino acids and buffer agents e.g. disodium hydrogen phosphate and potassium 
citrate. 

In addition to the compounds of the present invention the pharmaceutical composition of this invention 
may also contain, or be co-administered with, one or more known drugs selected from other clinically useful 
antibacterial agents (for example other beta-lactams or aminoglycosides), inhibitors of beta-lactamase (for ex- 
15 ample cfavulanic acid), renal tubular blocking agents (e.g. probenecid) and inhibitors of metabolising enzymes 
(for example inhibitors of dehydropeptidases, for example Z-2-acylamino-3-substituted propenoates such as 
cilastatin) and N-acylated amino acids such as betamipron (also see EP-A-1 78911). 

A suitable pharmaceutical composition of this invention is one suitable for oral administration in unit dosage 
form, for example a tablet or capsule which contains between 100mg and 1g of the compound of this invention. 
20 A preferred pharmaceutical composition of the invention is one suitable for intravenous, subcutaneous or 

intramuscular injection, for example a sterile injectable composition containing between 1 and 50% w/w of the 
compound of this invention. 

Specific examples of compositions, which are constituted as a 1% solution in water, freeze dried and may 
be made up by adding 0.9% aqueous sodium chloride solution to give the required concentration, preferably 
25 1 mg-10 mg/ml, are as follows: 





Composition 1 




Compound of Example 1 


50 mg 


30 








Composition 2 




Compound of Example 1 


50 mg 


35 


Glycine 


31 mg 



Further specif ic examples of compositions are as above, but where the compound of example 1 is replaced 
by example 2 or 3. 

The pharmaceutical compositions of the invention will normally be administered to man in order to combat 
infections caused by bacteria, in the same general manner as that employed for imipenem due allowance being 
made in terms of dose levels for the pharmacokinetics of the compound of the present invention relative to 
the clinical use of imipenem. Thus each patient will receive a daily intravenous, subcutaneous or intramuscular 
dose of 0.05 to 5g, and preferably 0.1 to 2.5g, of the compound of this invention, the composition being ad- 
ministered 1 to 4 times per day, preferably 1 or 2 times a day. The intravenous, subcutaneous and intramuscular 
dose may be given by means of a bolus injection. Alternatively the intravenous dose may be given by contin- 
uous infusion over a period of time. Alternatively each patient will receive a daily oral dose which is approxi- 
mately equivalent to the daily parenteral dose. Thus a suitable daily oral dose is 0.05 to 5g. of the compound 
of this invention, the composition being administered 1 to 4 times per day. 

In a further aspect the present invention provides a process for preparing the compounds of the formula 
(I) or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof which process comprises depro- 
tecting a compound of the formula (V) wherein A is optionally further substituted as in formula (I): 
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and wherein A is as hereinbefore defined; R 10 is a group R 2 or an amino protecting group; R 13 is a group R\ 
protected hydroxymethyi or 1 -(protected hydroxy)ethyi; R 11 is hydrogen or a carboxy protecting group; R*2 is 
hydrogen or an amino protecting group, R™ is Z or a protected Z group and wherein any optional substituent 
on A is optionally protected; and wherein at least one protecting group is present; and thereinafter if necessary; 

(i) forming a pharmaceutical^ acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

Protecting groups may in general be chosen from any of the groups described in the literature or known 
to the skilled chemist as appropriate for the protection of the group in question, and may be introduced by con- 
ventional methods. 

Protecting groups may be removed by any convenient method as described in the literature or known to 
the skilled chemist as appropriate for the removal of the protecting group in question, such methods being chos- 
en so as to effect removal of the protecting group with minimum disturbance of groups elsewhere in the mol- 
ecule. 

The compounds of the formula (V) are novel and form another aspect of the invention. 

Specific examples of protecting groups are given below for the sake of convenience, in which "lower" sig- 
nifies that the group to which it is applied preferably has 1-4 carbon atoms. It wfll be understood that these 
examples are not exhaustive. Where specific examples of methods for the removal of protecting groups are 
given below these are similarly not exhaustive. The use of protecting groups and methods of deprotection not 
specifically mentioned is of course within the scope of the invention. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or araliphatic alcohol or of an 
ester-forming silanol (the said alcohol or silanol preferably containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight or branched chain (1-12C)alkyl groups (eg isopro- 
pyl, t-butyl); lower alkoxy lower alkyl groups (eg methoxymethyf, ethoxymethyl, isobutoxymethyl); lower ali- 
phatic acyloxy lower alkyl groups, (eg acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxyme- 
thyl); lower alkoxycarbonyloxy lower alkyl groups (eg 1-methoxycarbonyloxyethyi, 1-ethoxycarbonyloxy ethyl); 
aryl lower alkyl groups (eg &-methoxybenzyl, o-nitrobenzyl, £-nitrobenzyl, benzhydryl and phthalidyl); triflower 
alkyl)silyl groups (eg trimethylsflyl and t-butyldimethylsflyl); tri(lower alkyl)silyl lower alkyl groups (eg trimethyl- 
silylethyi); diaryl(lower alkyi)silyl groups (eg t-butyidiphenylsilyl); and (2-6C)alkenyl groups (eg ally! and viny- 
lethyi). 

Methods particularly appropriate for the removal of carboxy! protecting groups include for example acid-, 
base-, metal- or enzymically-catalysed hydrolysis, for groups such as fi-nfcrobenzyloxycarbonyl, hydrogenation 
and for groups such as o-nitrobenzyloxycarbonyl, photolytically. 

Examples of hydroxy protecting groups include lower alkenyl groups (eg ally!); lower alkanoyl groups (eg 
acetyl); lower alkoxycarbonyl groups (eg t-butoxycarbonyl); lower alkenyloxycarbonyl groups (eg allyloxycar- 
bonyl); aryl lower alkoxycarbonyl groups (eg benzoyloxycarbonyl, £-methoxybenzyioxycarbonyt, o-nitroben- 
zyloxycarbonyl, 2-nitrobenzyloxycarbonyl); tri lower aJkylsilyf (eg trimethyisflyJ, t-butyldimethylsflyl); diaryi(low- 
er alkyl)sflyl (eg t-butyldiphenylsilyl) and aryl lower alkyl (eg benzyl) groups. 

Examples of amino protecting groups include formyl, aralkyi groups (eg benzyl and substituted benzyl, eg 
fi-methoxybenzyl, nitrobenzyl and 2,4-dimethoxybenzyl, and triphenylmethyl); di-£-anisylmethyi and furyime- 
thyl groups; lower alkoxycarbonyl (eg t-butoxycarbonyl); lower alkenyloxycarbonyl (eg allyloxycarbonyl); aryl 
lower alkoxycarbonyl groups (eg benzyloxycarbonyi, fi-methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl, 
2-nitrobenzyloxycarbonyi); trialkylsilyl (eg trimethylsilyl and t-butyldimethylsflyl); diaryl(lower alkyi)silyl (eg t- 
butyldiphenylsily); alkyl idene (eg-methylidene); benzytidene and substituted benzylidene groups. 

Methods appropriate for removal of hydroxy and amino protecting groups include, for example, acid-, base-, 
metal- or enzymically-catalysed hydrolysis, for groups such as £-nitrobenzyfoxycarbonyl, hydrogenation and 
for groups such as o-nitrobenzyloxycarbonyl, photolytically. 

In another aspect of the pres ntinv ntionth compounds of the formulae (I) and (V) may be prepared by 

a) reacting compounds of the formulae (VI) and (VII): 
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(VI) tf<5 




(VII) 



wherein A, R 10 , R 11 f R 12 , R 13 and R 18 are as hereinbefore defined, optional substituents on A are as here- 
inbefore defined and L is a leaving group, or 
b) cycfising a compound of the formula (VIII): 



wherein A, R 10 , R 11 , R 12 , R 13 and R 18 are as hereinbefore defined, optional substituents on A are as here- 
inbefore defined and R 14 , R 15 and R 16 are independently selected from aryl and C^alkoxy; and wherein 
any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt; 

(iii) esterif ying to form an in vivo hydrolysable ester. 

Suitably in the compound of the formula (VI), Lis the reactive ester of a hydroxy group such as a sulfonate 
(for example trif luoromethanesulfonyloxy). In an alternative Lis a sulfoxide for example -SOCH=CH-NHCOCH 3 
or -SOC2H5 which may be readily displaced. Preferably L is -SOC2H5. 

Compounds of the formula (VI) and their preparation are well known in the penem literature, for exampl 
see EP- 199490, J. Antibiotics 1987, 1636 and Tet Lett. 1982, 23, 3535. 

When L is trif luoromethanesulfonyf, the compounds of the formula (VI) may be prepared by reacting a com- 
pound of the formula (XIX) with trifluoromethanesulfonic anhydride: 




(VIII) 



ecu*/' 




(XIX) 



wherein R 11 and R 13 are as hereinbefore defined. For an analagous reaction see Tet Lett. 1990, 31, 3291. 
The compounds of the formula (XIX) may be prepared by cyclising compounds of the formula (XX): 




(XX) 



II 
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wherein R 11 and R 13 are as hereinbefore defined and P is a carboxy protecting group. The cydisation typically 
takes place in the presence of a bas such as lithium hexamethyldisilyl. For an analagous example see Tet 
Lett 1990, 31, 3291 . 

Compounds of the formula (VI) wherein L is an aikyisulfoxide may be prepared by alkylating and subse- 
quently oxidising compounds of the formula (XXI): 




(XXI) 



wherein R 11 and R 13 are as hereinbefore defined. Alkyiation is carried out under standard conditions known in 
the art, for example, by reacting with an alkyihalide, such as ethytiodide, in the presence of a base. Reagents 
and conditions for oxidising the resulting sulfide to a sulfoxide are known in the art For example in dichloro- 
methane with m-chioroperoxybenzoic acid as the oxidating agent 

The reaction between the compounds of the formulae (VI) and (VII) is typically performed in the presence 
of a base such as an organic amine for example di-isopropyfethylamine or an inorganic base for example an 
alkali metal carbonate such as potassium carbonate. The reaction is conveniently performed at a temperature 
between -25°C and ambient The reaction is generally performed in an organic solvent such as acetonrtrile or 
dimethytformamide. The reaction is generally performed in a manner similar to that described in the literature 
for similar reactions. 

The compounds of the formula (VII) may be prepared by the deprotection of a compound of the formula 

(IX): 





(IX) 



whereip A, R 10 , R 12 and R 18 are as hereinbefore defined, optional substitutents on A are as hereinbefore defined 
and R 17 is a protecting group, for example C^alkanoyl or C^alkoxycarbonyl. Preferred values for R 17 are acet- 
yl and t-butoxycarbonyt. The compounds of the formula (IX) can be converted to the compounds of the formula 
(VII) by standard methods of deprotection, for example acetyl groups can be removed by basic hydrolysis in 
aqueous alkanol, alkenoJ for example allyl alcohol or tetrahydrofuran. 

The compounds of the formula (IX) may be prepared by the reaction of an activated derivative of a com- 
pound of the formula (X), which may be formed in situ, with a compound of the formula (XI): 




(X) 



(XI) 



wherein A, R 10 ( R 12 . R 17 and R 18 are as hereinbefore defined and optional substitutents on Aare as hereinbefore 
defined. Activated derivativ s of th compound of the formula (X) include acid halides, anhydrides and •acti- 
vated' esters such as IK^benzol-l.iS-triazoM-yl, pentafluorophenyl and 2,4,5-trichlorophenyl esters or the 
benzimidazol-2-yi ester of the thiocarboxylic acid corresponding t (X). The r action of th compounds of the 
formula (X) and (XI) is performed under standard methods, for example in th presence of sutfonyi chloride 
at ambient temperature. 

The compounds of th formulae (X) and (XI) are prepared by standard m th ds known to the skBled chenv 
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ist such as the methods of the Examples h reinafter, the methods described in EP-A-1 26587 or by m thods 
analogous or similar th ret . 

Suitably, in the comp unds of th formula (VIII), R u , R 15 and R 16 are independently selected from aryl 
such as phenyl or alkoxy such as methoxy, ethoxy, isopropoxy, n-propoxy r n-butoxy; Preferably each 
5 of R 14 -R 19 have the same value and are C^aJkoxy for example methoxy, ethoxy, isopropoxy or n-butoxy or 
aryl for example phenyl. 

The compounds of the formula (VIII) are cyclized under conventional conditions known in the art to form 
compounds of the formula (V). Typical conditions are heating in a substantially inert organic solvent such as 
toluene, xylene or ethyl acetate at temperatures in the region 60-1 50°C. Typically the reaction is performed 
10 in an atmosphere of nitrogen and is carried out in the presence of a radical scavenger for example hydroqul- 
none. For examples see Chem. Pharm. Bull. 1983, 31, 768 and Chem. Pharm. Bull. 1990, 38, 1077: • 

The compounds of the formula (VIII) may be formed and cyclized in situ . The compounds of the formula 
(VIII) may conveniently be prepared by reacting compounds of the formulae (XII) and (XIII): 



20 




(XII) 



25 

PR 14 R 1S R 1 « (XIII) 

wherein A, R 10 , R 11 -R 16 f R 18 and optional substituents are as hereinbefore defined and B is CO or when R 14 - 
Rie are phenyl, CHCI. Suitably the compound of the formula (XIII) is a phosphite or is the functional equivalent 
of such a compound. 

30 The reaction between the compounds of the formulae (XII) and (XIII) is conveniently performed in an or- 

ganic solvent such as toluene, xylene, ethyl acetate, chloroform, dichloromethane or acetonitrile. Typically the 
reaction is carried out at an elevated temperature for example 60-150°C, preferably 110°-120°. 

The compounds of the formula (XII) may be prepared by a number of methods known in the art For ex- 
ample the compounds of the formula (XII) may be prepared by the acylation of a compound of the formula 

35 (XIV): 




(XIV) 



wherein A, R 10 , R 12 t R 13 , and R 18 are as hereinbefore defined and optional substituents on A are as hereinbefore 
defined with a compound of the formula (XVA) when B is CO and a compound of the formula (XVB) (subse- 
quently converting the hydroxy group to a chloro group), when B is CHCI: 

Cl-CO-COOR 11 (XVA) 
CHOCOOR 11 (XVB) 

wherein R 11 is as hereinbefore defined and conversion of the hydroxy group to a chloro group is conveniently 
effected by reacting with a chloronating agent such as sulfonyl chloride in the presence of a base. 

The compounds of the formula (XIV) may be prepared by reacting compounds of the formulae (XVI) and 
(XVII): 



10 
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10 wherein R 10 , R 12 , R 13 and R 18 are as hereinbefore defined. The compounds of the formula (XVI) are known in 
the art and may be reacted with the compounds of the formula (XVII) under conventional methods known in 
the art 

Compounds of the formula (XVII) may be prepared by reacting compounds of the formula (VII) with CS2 
in the presence of a base such as potassium hydroxide. The reaction is performed under standard conditions 
15 known in the art, for example, see Helv. C.A. 1980, 63, 1093. 

Compounds of the formulae (XII) and (XIV) are novel and, as such, form another aspect of this invention. 
The following biological test methods, data and Examples serve to illustrate the present invention. 

Antibacterial Activity 

20 

The pharmaceutical^ acceptable penem compounds of the present invention are useful antibacterial 
agents having a broad spectrum of activity in vitro against standard laboratory microorganisms, both Gram- 
negative and Gram-positive, which are used to screen for activity against pathogenic bacteria. The antibacterial 
spectrum and potency of a particular compound may be determined in a standard test system. In particular 
25 the penems of the present invention show good stability to beta-lactamases and in general particularly good 
pharmacokinetics, especially as regards half life. 

The antibacterial properties of the compounds of the invention may also be demonstrated in vivo in con- 
ventional tests. In the following examples: 

Penem compounds have generally been found to be relatively non-toxic to warm-blooded animals, and 
30 this generalisation holds true for the compounds of the present invention. Compounds representative of the 
present invention were administered to mice at doses in excess to those required to afford protection against 
bacterial infections, and no overt toxic symptoms or side effects attributable to the administered compounds 
were noted. 

The following results were obtained for representative compounds on a standard in vitro test system using 
35 Diagnostic Sensitivity Test The antibacterial activity is described in terms of the minimum inhibitory concen- 
tration (MIC) determined by the agar-dilution technique with an inocukum size of 10* CFU/spot 
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MIC (mg/L) 




ORGANISM 


| EXAMPLE 




10 




1 1 


ceftriaxone 




Enterobacter 
cloacae 029 


0.015 


0.06 


15 


Enterbacter 
cloacae 108 


0.5 


32 


20 


E. coli 
TEM 


0.008 


0.03 


25 


S. aureus 

147N | 


0.125 


2.0 



30 

(a) allyloxy means the propen-1-yloxy group -OCH 2 CH=CH 2 ; 

(b) THF means tetrahydrofuran; 

(c) DMF means dimethylformamide; and 

(d) evaporation of solvents was carried out under reduced pressure. 

35 

Example 1 



(5K6S,8R,2'S.4'S)-2-(2-(2-carboxy-4-thien^ 
carboxylic acid 

40 

To a solution of allyl (5R,6^,8R t 2'S,4 , S)-2^1-(4-nitrobenzyloxycait)onyl)-2-^ 
cart>amoyl)pyrrolidin^ylthio)-6-(1-hydroxyethyl)pen-2-em- (559 mg; 0.651 mol; 1 eq.) in DMF 

(19 ml) were added PPh 3 (34 mg ; 0.13 mol ; 0.2 eq.), tetrakistriphenylphosphine palladium (34 mg) and a s I- 
ution of sodium 2-ethylhexanoate in ethyl acetate (3.5 ml ; 0.43 M ; 1.49 mmol ; 2.3 eq.). After 20 minutes the 

45 mixture was concentrated to dryness, under vacuum. The residue was taken up in a mixture of ethyl acetate/wa- 
ter (30 ml 30 ml) and hydrogenated in the presence of 10 % palladium on carbon (600 mg) for 3 hours. The 
catalyst was filtered off on celite and washed with water. The aqueous phase was decanted, extracted with 
ethyl acetate 5 ml and then freeze-dried. The residue was purified on a silica gel C1 8 column, eluting with water, 
then with 5 % CH 3 CN in water. The phases were concentrated then freeze-dried to give the title compound 

50 (sodium salt) as a foam (229 mg). 

NMR(DMSO-d6 + AcOH-80C):S1.17(d, 3H); 1.78-1.86 (m, 1 H); 2.57-2.60 (m, 1H); 2.84-2.88 (m, 1H); 3.39- 
3.43 (m, 1H); 3.62-3.67 (m, 3H); 3.80-3.84 (m, 1H); 3.95-3.98 (m. 1H); 5.61 (d, 1H J = 1.47 Hz); 7.61 (d, 1H); 
7.69 (d.1H). 

MS (FAB DMSO) M+Na + - KT = 530 
55 The starting material was prepared as follows: - 

2-Thioph necarboxylic acid (6.4 g, 50 mM) was suspended in acetic anhydride (15 ml) and fuming nitric 
acid (16 ml) in glacial acetic acid (25 ml) added slowly over 1 hour with stirring, while keeping th temperature 
of the reaction mixture below 30°C. The reaction mixture was stirred at ambient temperature for 2 hours. Th 
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product was purified by subjecting to chromatography (470 ml) on HP20SS resin using met hanol/( water + 1 % 
acetic acid): 0/100 50/50 as eluant Pure 4-nitro-2-thk>phenecarboxyfic acid was obtained (1.3 g) together 
with a mixture of 4- and 5-nitrothiophene-2-carboxyiic acid (4.4 g). 
NMR (CDa 3 ): 8 8.35 (d, 1H); 8.5 (d, 1H). 

5 4-Nitro-2-thiophenecarboxyiic acid (1 g t 5.7 mmol) was added with stirring to a solution of SnCt 2 . 2H 2 0 

(3.25 g, 14.4 mmol) in concentrated HQ (10 ml). The mixture was stirred for 6 hours at ambient temperature 
and purified by subjecting to chromotography on HP20SS resin, using water as eluant to give 4-amino-2-thio- 
phenecarboxylic acid (0.59 g, 71 %). 
NMR (DMSO-d 6 + AcOD-d 4 ): 8 7.6 (s, 2H). 

10 (2S,4S)-4-Acety1thk>-2-carboxy-1 -(4- nitrobenzyloxycarbonyi) pyrrolidine (1 .5 g, 4.08 mmol) was dissolved 

at ambient temperature in thionyi chloride (10 ml). The mixture was stirred for 4 hours at ambient temperature. 
The thionyi chloride was evaporated, the residual oil taken up in dichloromethane/toluene (10 ml, 1:1) and th 
solvent removed by evaporation. The residual oil was dried under vacuum for 1 hour and dissolved in dichloro- 
methane (25 ml). This solution was added to a mixture of 4-amino-2-thiophenecarboxylic acid (0.58 g, 4.08 

is mmol), trimethylsilyt chloride (1 mi, 8.2 mmol) and diisopropyiet hylamine (3 ml, 1 7.25 mmol) in dichloromet han 
(40 ml) at 0°C. The reaction mixture was stirred for 12 hours at ambient temperature, the solvent evaporated 
and the residue dissolved in DMF and subjected to chromatgraphy on HP20SS resin, eluting with acetoni- 
trile/water/acetic acid (40:60:1), followed by concentration and lyophilisation to give (2S,4S)-1-(4-nitrobenzyt- 
carbonyt)-2-(2-cart>oxy-4-thienytrart)ajnoyl^^ (0.84 g, 42%). 

20 NMR (DMSO-d 6 + AcOD-d*): 5 1.92 (m, 1H), 2.32 (s, 3H), 2.76 (m, 1H), 3.35 (m, 1H); 3.9-4.2 (m, 2H); 4.42 (m, 
1H); 5.0-5.35 (m f 2H); 7.45 (d, 1H); 7.65 (d, 1H); 7.76 (s, 2H); 7.96 (d, 1H); 8.22 (d, 1H). 

(2S,4S)-1-(4-Nitrobenzyloxycarbonyl)-2-(2-cariM^ (0.475 
g t 0.963 mmol) was dissolved in a mixture of dioxane/water (1:1) (20 ml) and treated with a 1 M aqueous solution 
of NaOH (2.5 mi, 2.4 mmol). The reaction was monitored by HPLC. After 1 hour, the pH was adjusted to pH3 

25 with a 6M aqueous solution of HCI, at 0°. The reaction mixture then was evaporated and dried over vacuum 
for 1 hour, to give (2S,4SH-(4-nitrobenzy1oxycarbonyl)-2-(2-c^ thiol. 

To a solution of (2S,4S)-1-(4-nitrobenzyloxycart>onyl)-2-(2-cai^ 
iol (2.25 g ; 4.58 mmol ; 1.2 eq.) in acetonitrile (15 ml) under argon atmosphere were added allyl (5R,6S,8R)- 
2-(ethylsulfonyl)-6-(1-(tert-butyldimethylsilyloxy)ethyl)pen-2-em-3-cart)oxvlate (1.7 g ; 3.82 mmol ; 1.0 eq.), 

30 N-ethyldiisopropylamine (88 ul ; 4.58 mmol ; 1.2 eq.) [F. DiNinno et al, Tet Lett. 1982. 23, 3535], tri-n-butyl- 
phosphine (190 ul ; 0.76 mmol ; 0.2 eq.), water (14 ul ; 0.76 mmol ; 0.2 eq.). After stirring for one hour the sol- 
vents were evaporated. The residue was purified by flash chromatography, eluting with ethyl acetate in pet- 
roleum ether (45 to 55 %) to give allyl (5R t 6S,8R,2 , S,4'S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-(2-allyloxycai^ 
nyi-4-thienylcarbarrK)y0pyrrolidin^-^ as 

35 a light yellow solid (1 .43g; 44%). 

NMR (DMSO-de; 100C): 8 0.0 (2s, 6H); 0.8 (s, 9H); 1.18 (d, 3H); 1.9-2.0 (m, 1H); 2.75-2.85 (m, 1H); 3.4-3.5 
(m, 1H); 3.8-3.95 (m. 2H); 4.1-4.2 (m, 2H); 4.35-4.42 (m, 1H); 4.45-4.6 (m, 1H); 4.65-4.75 (m, 2H); 5.05-5.4 
(m, 6H); 5.65 (m, 1H); 5.75-6.0 

(m. 2H); 7.45-7.5 (m, 2H); 7.65 (m, 1H); 7.75 (m, 1H); 7.95-8.05 (m, 2H). 

40 To a solution of allyl (5R,6S,8R,2'S,4'S)-2-(1-(4-nrtroberL^oxy 

cart>amoyl)pyrrolidin^ylthio)-6-(1-(to (1.4 g ; 1.63 

mmol ; 1 eq.) in THF (21 ml) cooled in a ice bath, were added acetic acid (1.86 ml ; 32.6 mmol ; 20 eq.), and 
tetrabutylammonium fluoride (16.38 ml ; solution 1M in THF ; 16.38 mmol; 10 eq.) dropwise. The solution was 
left overnight at ambient temperature. After concentration, the residue was diluted with ethyl acetate, washed 

45 twice with saturated aqueous NaHCO a solution, water, brine, dried over MgS0 4 and concentrated. The residue 
was purifed on silica. Elution with CH 3 CN/CH 2 a 2 (35/65) gave allyl (5R f 6S f 8R f 2'S t 4*S}-2-(-1-(4-nitroben^ 
ycarbonyt)-2-(2-aJlyloxyc»rt>onyM-thi 
boxyiate as a solid (780 mg; 63%). 

NMR(DMSO-d«, 80C) : 6 1.2 (d, 3H); 2.0-2.1 (m. 1H); 2.8-2.9 (m, 1H); 3.5-3.55 (m, 1H); 3.8 (d, 1H); 3.95-4.05 
so (m. 2H); 4.15-4.25 (m, 1H); 4.4-4.7 (m, 3H); 4.75 (d, 2H); 5.1-5.4 (m, 6H); 5.75 (d, 1H); 5.8-5.9 (m. 1H); 5.95- 
6.1 (m t 1H); 7.45-7.65 (m, 2H); 7.75 (s, 1H); 7.85 (s, 1H); 7.95-8.2 (m, 2H). 

Example 2 

5 5 (5R f 6S,8R,2'S,4'S)-2-(2-(3-Cart>oxyphenylcarbamoyl)pyrrolidin-4^ 
boxytic acid. 



To a solution of allyl (5R,6S,8R,2 , S,4'S)-2-(1-(4-nitrobenzyloxycart)onyl)-2-(3-aJlyl^ 
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bam yl)pyrrolidin-4-ylthio)-6-(1-hydroxy thyl)p n-2-em-3-carboxylate (303 mg, 0.4 mmol) in DMF (10 mJ) 
were added, successively, triphenylphosphine (20 mg, 0.2 equivalents), sodium 2-ethyihexanoate in thyi acet- 
ate (2 ml, 0.45M, 2.3 equivalents) and t trakistriphenylphosphine palladium (20 mg). After 30 minutes th sol- 
vent was evaporated and the residue taken up in thyt acetate/water (1 :1 , 24 ml) and hydrogenated in the pres- 
5 ence of 10% palladium on carbon (300 mg) for one hour. The mixture was filtered through celite and the aqu- 
eous phase decanted and extracted with ethyl acetate then lyophilised. 

The residue was purified on a silica gel C 18 column, eluting with a gradient of 0-6% CH 3 CN in (NH 4 ) 2 C0 3 
buffer (2 g/L, pH 6.0). The fractions were concentrated then lyophilised to give the title compound as a white 
solid (35 mg). 

10 NMR(DMSO-dfl + AcO; 50°C): 6 1.17 (d, 3H); 1.8-1.9 (br, 1H); 2.6-2.7 (br, 1H); 2.90-2.95 (br f 1H); 3.4-3.5 (br, 
1H); 3.65-3.70 (br, 1H); 3.75 (d, 1H); 3.85-3.90 (br, 1H) f 3.95^1.00 (br, 1H); 5.68 (d, 1H); 7.4 (t, 1H); 7.8 (m f 
1H), 8.25(s,1 H). 
MS (FAB) N+H+=530. 

The starting material was prepared as follows: 

15 3-Nitrobenzoic acid (2.6 g, 21 .3 mM) was dissolved in DMF (55 ml), and anhydrous K 2 C0 3 (11 .78 g, 76.5 

mM) added with stirring. Allyl bromide (5.4 ml, 62.4 mM) was run in, and the mixture stirred for 18 hours at 
ambient temperature. The solvent was removed by evaporation, the residue treated with water, the pH adjusted 
to 5.5, and product extracted into ethyl acetate. The combined extracts were washed with aqueous Nah^PO^ 
water, brine, and dried over MgS0 4 . The residue, after evaporation, was subjected to chromatography on silica, 

20 eluting with a mixture of petrol/EtOAc (10:1), to give allyl 3-nitrobenzoate. 

NMR (CDCI3): 6 4.88 (d, 2H); 5.33-5.49 (m, 2H); 5.96-6.17 (m, 1H); 7.66 (t. 1H); 8.41 (td, 2H); 8.88 (t, 1H). 

Stannous chloride dihydrate was refluxed in ethanol, under an argon blanket, to give a solution. The heat 
was removed, and the above nitro compound in ethanol was run in. Refluxing was then continued for 3 hours, 
the mixture cooled, and solvents removed. The residue was dissolved in ethyl acetate, and treated with 880 

25 ammonia until basic. The organic phase was decanted from precipitated tin salts, and the slurry re-extracted 
similarly with more solvent Combined organic phases were then washed with d fluted ammonia, water, and 
brine, before drying over MgSO*. Evaporation gave allyl 3-aminobenzoate. 

NMR (CDCI3): 5 3.38 (br, 2H); 4.79 (dt, 2H); 5.24-5.44 (m, 2H); 5.93-6.09 (m, 1H); 6.86 (dm, 1H); 7.21 (t, 1H); 
7.37 (t, 1H); 7.45 (dt, 1H). 

30 

Preparation of Side Chain Pyrrolidin-4-ylthioacetate 

(2S,4S)-4-Acetylthio-1-ailyloxycarbonyl-2-carboxypyrrolidine (2.54 g, 9.3 mM), allyl 3-aminobenzoate (1 .5 
g, 8.5 mM), and 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (2.72 g, 11 mM) were dissolved in toluene 
35 (50 ml) and stirred for 18 hours at ambient temperature. The reaction mixture was diluted with ethyl acetate 
(150 ml) and washed with 2M HC1 (3 by 30 ml), water, saturated NaHC0 3 , and brine. Drying over MgSO* and 
evaporation gave (2S,4S)-4-acetylt hio-1 -a!lyioxycart>onyl-2-(3-allyloxyca!t« 

as a gum (3.7 g, 100%) in a state sufficiently pure for further work. NMR (CDCI 3 ): 5 2.32 (s, 3H); 2.60 (br, 2H), 
3.40 (dd, 1H); 4.03 (quintet, 1H); 4.13 (dd, 1H); 4.57 (t, 1H); 4.66 (dm, 2H); 4.82 (dt, 2H); 5.23-5.46 (m, 4H); 

40 5.86-6.12 (m, 2H); 7.41 (t, 1H); 7.82 (d, 1H), 8.07 (t, 1H); 9.18 (br, 1H). 

An 2M aqueous solution of sodium hydroxide (960 id, 1.19 mmol, 1.1 equivalents) was added portionwis 
to a solution of the thioacetate (916 mg, 1.74 mmol) in allyl alcohol (17 ml) and cooled on ice. The mixture was 
then stirred at ambient temperature for 45 minutes and hydrochloric add (2N, 960 id) added. The mixture was 
concentrated by evaporating the solvent, the residue taken up in ethyl acetate, washed twice with brine, dried 

45 with MgS0 4 and the solvent was evaporated. The residue was taken up in acetonitrile (6 ml) and allyl 
(5R,6S,8R)-2-(ethylsulphonyl)-6-(1-tert-butyldimethvlsilyloxy)ethvl)pen -2-em-3-carboxy!ate (645 mg, 1.45 
mmol) [prepared as described in F Di Ninno et al Tet Lett 1982, 23, 3535], tri-n-butylphosphine (87 id, 0.2 
equivalents), water (6 id, 0J2 equivalents) and N-ethyldiisopropylamine (305 id, 1.2 equivalents). After 45 min- 
utes at ambient temperature, the solvents were evaporated, the dry residue taken up in ethyl acetate, washed 

so with water, washed with brine, dried with MgS0 4 and the solvent evaporated. The residue was purified on a 
silica column eluting with ethyl acetate/petroleum ether (1:1) to give allyl (5R,6S,8R v 2 t S,4'S)-2-<1-(4-nitroben- 
zyloxycart>onyi)-2-(3-allyloxycart)onylphenyicarbamoyl)pyr 
thyl)pen-2-em-3-carboxylat (636 mg, 52%). 

NMR (DMSO-de, 60°C): 6 0.1 (s, 9H); 0.9 (s, 6H); 1.2 (d, 3H); 2.0-2.1 (br. 1H); 2.85-2.95 (br, 1H); 3.65-3.70 
55 (br, 1H); 3.95 (d, 1H); 3.95-4.10 (br, 1H); 4.2-4.3 (br. 2H); 4.4-4.6 (br, 1H); 4.55-4.70 (m, 2H); 4.80 (m, 2H); 
5.10-5.45 (m, 6H); 5.75 (d, 1H); 5.80-5.95 (m, 1H); 6.00-6.15 (m, 1H); 7.4-7.5 (br, 2H); 7.6-7.7 (br, 2H); 7.8- 
8.0 (br, 2H); 8.1-8.3 (br, 2H). 

T a solution of allyl (5R t 6S,8R v 2'S t 4 > S)-2-(1-(4-nitrobenzyloxycartx)nyl)-2-(3-altyl xycarbonylphenylcar- 
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(626 mg . am 

nium fluoride In THF (7.3 ml, 10 equ^Lts) mtfretS«f?" ^ « ° M) 80,Ution ° f ^butylarnmo- 
centrated. diluted with ethyl acetrte.Vas^^^ 
5 Jhen water then brine. The solu^T^SeTwTh MoS^nf ^ b '^ nate s ^ 

( 5 * 6s .8*2'S,4'S)-2-(1-(4-nitrob^^ S °' Vent "■P"** *> give alM 

*Wl-hydroxyethyl) P ei2^^ 

without further purification. - carooxv,a,e < 3 °3 ""9) which was used in the subsequent deprotection step 
1 ° Example 3 

15 To a solution of alM (5R.6S 8R.2'S ? /1 

^a™y.)pyrro.idin^ 

mmol) in DMF (15 ml) was added i^SSSSSZ (T^nf^l^^^^ < 450 oi 2 
ethyl acetate (2.6 ml. 1.2 mmol). Tetrakist? P hen^ °' SOdium ^hVhexanoate ,„ 

for 30 minutes. The mixture was evaporated to drvn!« 2 , 9> ^ then added and the "i^re stirred 
o ml) and hydrogenated in the presence^no% XdL on ^nt'^^ ^ (25 and — 
through celite and the aqueous phase extract* 7,16 mbrture ™*«* 
ona silica gel C 18 column, eluting with 2-4% CH 3 CN ?flf lS3? 2? Tl"* The reSidue Was P urif ,ed 

5-Nitro-2-thio phenecarboxy »r hhh 

Ally! S-Nltro.2-thin n h a n q carboxv|ate 
<* the reaction mixtore below 30^Af^ 

at ambient temperature and then dhM w,th ^ e^ aclt 9 ^ ' re3Ctit,n mbrture ^ 8 "ou* 
<° fBtrate -«shed with water, washed XS^^^^^* h W8S ,i,tered •* «S 

concentrated. The residue was purified by chmrwto^^t ^ fr T*""" Chl ° nde> dried over M 9 S <>4 and 

4.84 (d. 2H). 5.36-5.45 (m. 2H); 6.00 (m. 1H); 7.71 (d. 1H); 7.88 (d. 1H). 
45 Allyl 5-amlno-2 .thiophenec a rhn> r i g ^ 

» mi. »a«, „«, „ . ^ ZSL^SI Sl^J£?„ N * 0 £ 2* < " 9an '° — 

^ » R ,coc w .. 84 . M s . ^ 4 , 3 (d . ^ £, ^ &M (a ih); ^ <m 1H); ^ w 1H): ^ ^ 



30 



35 



EP 0 592 167 A1 



mmoJ) In CH 2 a 2 (12 ml) were added thionyl chloride (3.75 ml, 51.5 mmol) and DMF (0.055 ml). Th mixture 
was stirred for 16 h urs at ambient temperature, concentrated and the residual oil taken up in Chfedj-toluen 
and reevaporated. The residue was dried under vacuum and solubflised in CH 2 a 2 (25 ml). To this solution 
cooled to 0°C was added N-diisopropylethylamine (2.05 ml, 11.8 mmol) and a solution of ally! 5-amino-2-thio- 
phenecarboxylate (1.9 g f 10.3 mmol). After 15 minutes at ambient temperature, the solvent was evaporated 
and the residue taken up in a mixture of water and ethyl acetate. The organic layer was dried over MgS0 4 and 
evaporated to dryness. The residue was purified by chromatography on silica gel using a mixture of CH2CI2- 
ether (9:1) to give the title compound as a yellow foam (4.68 g, 85%). 

NMR (DMSO-de + AcOD-d^: 6 2.33 (s, 3H); 2.80 (m, 1H); 3.38 (m, 1H); 4.00-4.15 (m, 2H); 4.52 (m, 2H); 4.77 
(d, 2H); 5.02-5.42 (m, 4H); 6.00 (m t 1H); 6.77 (m, 1H); 7.45 (m, 1H); 7.60-7.68 (m, 2H); 7.95 (m, 1H); 8.23 (m, 



(2S,4SH-(4-Nitrobenzyloxycart)on 

To a solution of (2S,4S)-1-(4-nitrobenzyloxycartoony^ 
din-4-ylthioacetate (1.06 g, 2 mmol) in dichloromethane (2 ml) was added at 0°C ethanol (0.8 ml, 4 mmol). 
The reaction mixture was stirred at ambient temperature for 1.5 hours and acidified to pH4 with 6N HQ. Ethyl 
acetate was added to the solution, the organic layer was washed with water and aqueous solution of sodium 
chloride, dried over MgS0 4 and evaporated to give the title compound as a yellow foam (0.96 g, 97%). 
NMR (DHSO-de - TFA): 6 1.87 (m, 1H); 2.73 (m, 1H); 3.29 (m, 1H); 3.44 (m, 1H), 4.01 (m, 1H); 4.42 (m, 1H); 
4.72 (br s, 2H), 5.02-5.40 (m, 4H); 6.01 (m, 1H); 7.76 (m, 1H); 7.43 (d, 1H); 7.61-7.68 (m. 2H); 7.93 (d, 1H): 
8.25 (d t 1H). 

To a solution of (2S,4S)-1-(4-nitrobenzyloxycarbonyl)-2-(2-all^ 
din-4-yfthiol (2.31 g, 4.49 mmol) in acetonitrile (15 ml) was added allyl (5 6S 1 8 R)-2- (ethyl sulphonyl)- 6- (1-(tert- 
butytdimethylsilyloxy)ethyl)pen-2-em-3-carboxylate (1.74 g, 3.82 mmol), N-ethyldiisopropylamine (800 nl, 
4.58 mmol), tri-n-butylphosphine (190 uJ, 0.76 mmol), water (14 uJ, 0.76 mmol). The mature was stirred for 
one hour and the solvent evaporated. The residue was purified by flash chromatography eluting with 45-55% 
ethyl acetate in petroleum ether to give allyl (5R f 6S,8R ( 2'S f 4*S)-2-(1-(4-nitrober^ 
ycarbonyt-5-thienylcarbarrK>^ 
late as a pale yellow solid (1.1 g t 34%). 

NMR (DMSOd e . 70*C): 6 0.0 (2S t 6H); 0.85 (s, 9H); 1.20 (d, 3H); 1.90-2.10 (br, 1H); 2.85-2.95 (br, 1H); 3.50- 
3.60 (br, 1H); 3.95-4.10 (br, 2H); 4.20-4.30 (m, 2H); 4.5O4.70 (m, 3H); 4.75 (m, 2H); 5.20-5.40 (m, 6H); 5.75 
(s, 1H); 5.80-6.10 (m, 2H); 6.80 (d, 1H); 7.60 (d, 1H); 7.50-8.00 (br, 4H). 

To a solution of allyl (5R,6S f 8R,2 , S,4 , S^2-(1-(4-Nitroberayloxycarbonyl)-2-(2-aIlylox^ 
carbamoyl)pyrrolidin-4-ytthio)-6-(1 -(tert-butyldimethylsilyloxy)ethyl)pen-2-em-3-carboxylate (1.1 g ? 1 .28 
mmol) in THF (16 ml) at 0°C were added acetic acid (1.46 ml, 25.6 mmol) then tetrabutylammonium fluoride 
in THF (12.8 ml, 1M, 12.8 mmol) portionwise. The mixture was left overnight at ambient temperature and con- 
centrated to half volume by evaporating the solvent The residue was diluted in ethyl acetate, washed twice 
with a saturated aqueous solution of sodium bicarbonate, once with water then brine, dried with MgS0 4 and 
the solvent evaporated. The residue was triturated with ether, filtered and dried under vacuum to give allyl 
(5R t 6S,8R t 2'S,4 , S)-2-(1-(4-nitroberayloxycarbonyt)-2-(2-allyloxy^ 
thio)-6-(1-hydroxyethyl)pen-2-errv3-carboxylate (800 mg). 

NMR: (DMSO, 80°C): 8 1.2 (d, 3H); 2.00-2.10 (br, H); 2.85-2.95 (br, 1H); 3.50-3.60 (br, 1H); 3.80 (d, 1H); 3.95- 
4.05 (br, 2H); 4.15-4.25 (br, 1H); 4.50-4.75 (m. 5H); 5.15-5.40 (br, 6H); 5.75 (d, 1H); 5.80-6.05 (m, 2H); 6.75 
(d. 1H); 7.60 (d, 1H); 7.50 and 8.00 (2 x br, 4H). 



Claims 

1. A compound of the formula (I): 



16 



EP 0 582 167 A1 



I 9 




wherein: 

R 1 is 1-hydroxyethyl, 1-fluoroethyi or hydroxymethyl; 
R 2 is hydrogen or Chalky!; 

Z is carboxy, sulfonic acid, tetrazol-5-yl or C^alkylsulfonylcarbamoyl (-CONHSOaC^alkyl); 
A is a phenyl or thienyl ring; 

and A is optionally further substituted by one ortwo substituents selected from halo, cyano, C^aJkyl, nitro, 
hydroxy, carboxy, C^alkoxy, trifluoromethyl, C^alkoxycarbonyl, amino, C^alkylamino, di-C^alkyla- 
mino, sulfonic acid, C 1 ^ 4 alkylS(0) n - (wherein n is 0-2), C^alkanoylamino, C^alkanoyl^C^alkyOamino, 
carbamoyl, C^alkyicarbamoyl, di-C^alkylcarbamoyl, N-C^alkanesulfonamido and tetramethylene; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

A compound according to claim 1 wherein Ri is 1-hydroxyethyl. 

A compound according to either claim 1 or claim 2 of the formula (IV): 



wherein R 2 , Z, A and optional substituents on A are as defined in claim 1 . 
A compound according to claim 3 wherein Z is carboxy. 

A compound according to claim 3 wherein optional substituents on Aare selected from halo, cyano, C^alkyl, 
nitro, hydroxy, carboxy, C^alkoxy, carbamoyl, amino and trifluoromethyl. 

A compound according to claim 1 which is 
(5R,6S f 8R t 2 , S,4 , S^2-(2K2-<artKixy^thienylcaAan^ 
3-carboxylic acid; 

(5R,6S.8R,2 , S,4 , S)-2-(2-(3-<autK^ 
carboxylic acid; 

(5R,6S,8R,2 , S,4'S)-2^2K2-carbCD^ 
3-carboxylic acid; 

and pharmaceutically acceptable salts thereof. 

A pharmaceutical composition which comprises a compound according to any one of claims 1 to 6 and a 
pharmaceutically acceptable carrier. 

A process for preparing a compound according to claim 1 which comprises deprotecting a compound of 
the formula (V): 




cob -4-2- 



(IV) 



Ccart 
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I* H 




(V) 



and wherein Ais as defined in claim 1; R« is a group R2 or an amino protecting group; R« is a group R< 
protected hydroxymethy. or 1-(protected hydroxy)ethyl; R« is hydrogen ora carooxy prorecting gZ R« 

^Sss^C; VP :and ^ erelnat,ea ^° nepro ^ 

(i) forming a pharmaceutical^ acceptable salt 
(il) esterffying to form an in vivo hydrolysable ester. 

9 " t f Z P K eParin ? 8 oompound *«x"*r>Q to claim 1 or a compound of the formula (V) as defined 

in claim 8 which comprises: 1 

a) reacting compounds of the formulae (VI) and (VII): 




it*' 



(VI) 



Coo/t" 



(VII) 



13- 



in claim 8 and L is a leaving group, or 

b) cyclising a compound of the formula (VIU): 



10. 



J — a/ „ „ (viii) 

Ccu£" 

iSM^^ 1 w*3 R T. d R,8 T M r n H ed,nda,m8 - opao ^ 8utetitaenbonA ^ as ^ 

™ ■ « „ ^ ,ndependenU y se,ected from aryl and C, ..aJkoxy; and wherein any 
functional group Is optionally protected and thereinafter If necessary: 

i) removing any protecting groups; 

ii) forming a pharmaceutically acceptable salt; 

Hi) esterif ying to form an in vivo hydrolysable ester. 

foZl^i) or'X^ 13 00 88 d6fined daim 8 ' ° f th ° f0rmU ' a ^ 88 defined ,n da ™ 9. or of the 
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